In laboratory studies, exercise immediately before sexual stimuli improved sexual arousal of women taking antidepressants [1]. We evaluated if exercise improves sexual desire, orgasm, and global sexual functioning in women experiencing antidepressant-induced sexual side effects. Methods: Fiftytwo women who were reporting antidepressant sexual side effects were followed for 3 weeks of sexual activity only. They were randomized to complete either three weeks of exercise immediately before sexual activity (3×/week) or 3 weeks of exercise separate from sexual activity (3×/week). At the end of the first exercise arm, participants crossed to the other. We measured sexual functioning, sexual satisfaction, depression, and physical health. 
INTRODUCTION

Antidepressants
1 are the most common treatment for depression in the United States. [2] Most women taking antidepressants (96%) report sexual side effects. [3] In addition to diminishing patients' quality of life, [4] sexual side effects significantly impede medication compliance. [5, 6] Despite this, there are few empirically validated interventions for sexual side effects proven better than placebo. [7] Often, adjunctive treatments interfere with the antidepressant function [8] or increase risk of additional side effects.
A promising behavioral intervention for sexual side effects is exercise. Exercise improves sexual function in depressed women not taking medication. [9] Also, moderately intense exercise prior to presentation of sexual stimuli increases sexual arousal in healthy women [10, 11] possibly because sympathetic nervous system activity facilitates female sexual arousal. [12] There is a curvilinear relationship between SNS activity and genital sexual arousal in women, with moderate SNS activation associated with higher sexual arousal than either high or low SNS activity. [13] Antidepressants have been shown to depress SNS activity. [14] [15] [16] [17] [18] Female sexual arousal and orgasm side effects of antidepressants may be linked to suppression of SNS activity in genital nerves, [1, 19, 20] particularly for women taking selective serotonin reuptake inhibitors (SSRIs [1] ). In a laboratory study, Lorenz and Meston [1] tested the effects of exercise in 47 women taking antidepressants. Participants ran on a treadmill for 20 min at a moderate to high intensity (70% of VO 2 max ) and then watched a sexually explicit film while their genital arousal was recorded. On average, exercise prior to sexual stimuli increased genital arousal more than a noexercise control, and these effects were strongest in women reporting greater sexual dysfunction. While these findings supported exercise as a possible intervention for sexual side effects, there were a few limitations to the study. Laboratory-based psychophysiological measures of women's sexual arousal may not map onto sexual function, and the link between objective measures of female genital arousal and women's subjective ratings is modest. [21] Also, nonacute effects of exercise may influence sexual function, most notably through reduction of depressive symptoms. [22] The present study attempted to address these limitations. We compared the effects of exercise immediately before sexual activity to the effects of exercise at the same duration and frequency but separate from sexual activity. This allowed us to compare the effects of SNS activation on sexual responding (e.g., increased genital blood flow associated with exercise) versus the general benefits of exercise on sexuality (e.g., improvements in depression).
We hypothesized that exercise would improve sexual functioning in women taking antidepressants. However, we also expected that sexual functioning would improve when exercise was timed before sexual activity above and beyond the effects of exercise in general. Finally, based on findings from laboratory studies, we expected that effects of exercise would be strongest in women with sexual dysfunction at baseline.
MATERIALS AND METHODS
RECRUITMENT
Participants were recruited from the community online advertisements on craigslist.org and the laboratory website. Advertisements provided information about selection criteria and time commitment, and were aimed at the broad population of women taking antidepressants. Interested participants were screened by telephone, and eligible participants were scheduled for an initial lab visit. The study protocol was approved by the University of Texas at Austin Institutional Review Board from 2010-2013 and the trial was registered on ClinicalTrials.gov (trial #NCT01188720). Power analyses based on effects sizes of the laboratory-based pilot study [1] indicated a sample of 35-50 women would be needed to achieve 80-90% power.
Inclusion criteria included: women 18 or older, stabilized on an antidepressant (SSRIs such as citalopram or sertraline, or SNRIs such as venlafaxine or duloxetine), currently sexual active with a partner or masturbation, and experiencing regular menstrual periods. Women were included if they reported a change in their sexual function after they started antidepressant; this included some women (N = 14) who were not distressed about these changes and thus would not be diagnosed with a sexual dysfunction as per the DSM-IV-TR. Exclusion criteria included: taking any psychoactive medication other than an antidepressant, factors that would put participant at risk of physical harm while exercising (e.g., significant cardiovascular illness 2 ), factors associated with potential genital nerve damage (e.g., hysterectomy), severe untreated mental illness, distress related to a history of unwanted sexual contact, and use of medications (other than oral contraceptives) that have been shown to alter sexual function. Women were not included or excluded based on sedentary status; however, 71% of participants were sedentary at baseline (see Table 1 ).
PROCEDURE
Women reporting changes in sexual response attributable to antidepressants were entered into a 9-week trial. Participants completed a pretrial laboratory session in they were instructed in the study protocol and gave informed consent, had their physical health assessed, and practiced using a 30 min strength training and cardio exercise video with resistance bands. They were instructed to maintain 70-85% of their maximum heart rate (HR) by changing resistance during exercise. Participants were also given HR recorders that time stamped exercise sessions; this information was used to determine compliance (see below).
Following the laboratory session, participants completed a 3-week baseline arm in which they engaged in sexual activity 3×/week (defined as "sex with a partner or masturbation"). This was required to allow enough sexual events during the trial to observe effects. Prior to enrolling, women engaged in an average of 1.37 sexual events per week (SD = 1.31 events).
Participants then entered either a 3-week experimental exercise arm, or a 3-week control exercise arm; during both, participants engaged in exercise 3×/week and sexual activity 3×/week. In the experimental exercise arm, participants exercised to the 30-min exercise video and engaged in sexual activity immediately afterwards (defined as "as soon as possible but no more than 30 min after the exercise video ends"). In the control arm, they engaged in the same duration and intensity of exercise but did not engage in sexual activity for at least 6 hr after exercising. After completing the first exercise arm, participants crossed over into the other exercise type. Women who were engaging in regular physical activity were asked to add the three exercise sessions on top of their normal exercise routine.
Participants completed validated assessments of sexual functioning, satisfaction, and psychological health before and after each arm (see Fig. 1 ). They also recorded each sexual event in online diaries. Time stamps on diaries were used to determine compliance (see below). At the completion of the second exercise arm, participants returned to the lab where they had their physical health reassessed, completed an exit survey, and were compensated and debriefed. No participants reported significant adverse events.
RANDOMIZATION AND BLINDING
Participants were randomized to complete either the experimental or control exercise arm first according to a predefined list of randomly generated 0 s and 1 s (constrained to equal numbers in each arm). If the participant dropped out, her randomization number was reassigned to a new participant. Participants were blinded to which arm was intended as active treatment. To test women's expectancies, we asked women to guess the study hypotheses in the exit interview. Only one participant correctly identified the study hypotheses; most said the study was to examine the effects of exercise on sexuality without reference to the timing of exercise or medication.
MEASURES
Female Sexual Function Index (FSFI) [23] . Our primary endpoint was sexual functioning. The FSFI, an assessment of sexual function widely used in clinical trials, has 19 items subdivided into six domains supported by factor analysis: desire, arousal, lubrication, orgasm, satisfaction, and sexual pain. The FSFI has been shown to differentiate between women with and without sexual dysfunction. [23, 24] A score of 26.55 or below is considered within the clinical range. [25] We considered the total scale as well as the desire and orgasm subscales (as antidepressant sexual side effects are often noted these areas [26] ). Sexual Satisfaction Scale-Women (SSS-W) [27] . A secondary endpoint was sexual satisfaction. The 30 items of the SSS-W assess five domains of sexual satisfaction supported by factor analyses: comfort discussing sexual preferences, compatibility, contentment, personal distress concerning sexual problems, and relationship distress. The SSS-W has good internal consistency and reliably differentiates between participants with and without sexual. [27] Beck Depression Inventory-II (BDI-II) [28] . This widely used 21-item depression questionnaire has been extensively validated. [29] The BDI-II measures both affective/cognitive symptoms (e.g., feelings of worthlessness) and physical symptoms (e.g., problems with sleep or appetite).
Depression and Anxiety
Beck Anxiety Inventory (BAI) [29] . The BAI has 21 items that describe common psychological and physiological symptoms of anxiety. Like the BDI-II, the BAI has been extensively validated. [30] We used the BDI-II and BAI to control for changes in mental health during the intervention.
Demographics. The type, dosage, and scheduling of each participant's antidepressant was assessed before and after the intervention. We also collected data on participant's age, socioeconomic status, level of education, sexual orientation, and length and type of current sexual relationship.
Physical Health. At the laboratory sessions (i.e., pre-and posttrial), we measured the following indices of physical health: resting HR and blood pressure (measured with a finger cuff blood pressure monitor), body mass index (BMI; calculated from height and weight measured in lab), and physical activity and exercise over the last 7 days as recalled by validated structured interview (the Physical Activity Recall [31] ).
PLANNED ANALYSES
We replaced individual missing items from a subscale with the mean of the remaining data of that subscale; this technique has been shown equivalent to multiple imputation for datasets in which less than 10% of total data is missing. [32] Ninety-three cells (0.59% of total data) were imputed.
For each endpoint (FSFI-total, FSFI-desire, FSI-orgasm, and SSStotal), we conducted a repeated measures mixed general linear model. In each case, we used time point as the repeated measures variable, a random slope by subject, and age, BMI, resting HR, and BDI-II and BAI as covariates. The mixed model allowed us to examine the entire dataset including data from dropouts, model the slope of each individual separately while still examining the main treatment effects, and to model covariates that (potentially) differed during each time point (e.g., depression). We conducted these models in the total sample as well as the subsample of women with clinically diagnosable sexual dysfunction at baseline (N = 38, Table 1 ). For significant repeated measures effects, we used post-hoc specific contrasts to examine the mean differences between time points.
We considered the above models the following predictors: randomization (control exercise arm before experimental vs. experimental exercise before control), medication type (SSRI, SNRI), baseline frequency of sexual activity, and percent masturbation (vs. partnered events; see Table 2 ) during each trial arm. However, these terms were nonsignificant in every model and dropping these terms did not change the significance nor direction of the remaining effects. Thus, we present here models without the medication group, randomization status, baseline sexual activity, or masturbation rate terms.
RESULTS
ENROLLMENT, DROPOUTS, AND BASELINE CHARACTERISTICS
One hundred and ninety-nine women contacted the lab for more information on participating in the trial. Of these, 52 women were enrolled (see Fig. 2 ). Dropouts included 22 participants who formally withdrew from the study and two who had less than 50% compliance with the exercise interventions. Most women withdrawing cited time constraints; two had ended their sexual relationship, one discontinued her antidepressant, and one had a nonstudy-related injury. Dropouts did not differ from completers in terms of medication type (χ 2 (1) = .01, P = n.s.), age, body mass index, depression or sexual function at intake (F(1, 51) = 2.64, F(1, 51) = .04, F(1, 51) = 1.78, and F(1, 51) = 2.01, respectively, all ps = n.s.).
Compliance was determined by comparing the timestamps on the HR monitors and online diary measures: compliant participants completed the diary within 3 h of exercise during the experimental arm and no less than 5 h after exercise during the control arm. The majority (75%) of exercise sessions were of the required duration, intensity, and timing relative to sexual activity. The total sample (N = 52, M age = 32.44) was predominately white (73%), in a committed relationship (73%) and with at least some college education (93%; see Table 1 ). The majority (60%) reported no to mild depression (BDI-II < 13). Three women reported no current sexual partner at intake; rerunning analyses with these women excluded did not significantly change results. There were no significant differences between the first and final assessments in BMI or resting HR (F(1, 50) = 1.79; F(1, 50) = 1.07, respectively; both Ps nonsignificant).
TREATMENT EFFICACY IN TOTAL SAMPLE
We first considered the effect of exercise on sexual function and satisfaction in all women who enrolled in the study (n = 52). There was a significant effect of time on sexual desire (F(3, 77.31) = 3.36, P = .023, see Fig. 3 ) such that women's sexual desire during the experimental exercise arm was significantly higher than at pretrial (M diff =.51,σ¯x=.16,P=.003) and postbaseline (M diff =.416,σ¯x=.17,P=.014). The difference between experimental and control exercise arms was nonsignificant (M diff =.259,σ¯x=.18,P=.155). There was a marginally significant effect of time on orgasm func- tion (F(3, 80.64) = 2.61, P = .057, see Fig. 4 ). In this case, women's orgasm function at the postbaseline time point was significantly higher than at pretrial (M diff =.44,σ¯x=.16,P=.008) but there were no other significant contrasts. Women's FSFI desire and orgasm subscale scores following the experimental exercise arm were within one standard deviation of the mean for healthy controls and more than one standard deviation from the mean of women with Hypoactive Sexual Desire Disorder or Female Orgasmic Disorder (taken from validation studies [23, 24] ), suggesting a clinically significant change in these domains. [33] The effect of time on global sexual function was not significant in the total sample, F(3, 82.67) = 1.23, P = .305. Similarly, the effect of time on sexual satisfaction was not significant, F(3, 84.19) = .61, P = .610.
Depression and Anxiety
TREATMENT EFFICACY IN WOMEN WITH SEXUAL DYSFUNCTION AT BASELINE
As not all women who entered the trial were distressed about the change in sexual function they experienced after starting an antidepressant, not all would be considered "sexually dysfunctional" as defined by the DSM-IV-TR. [34] To examine treatment efficacy in women with clinically relevant sexual dysfunction, we selected data from participants (n = 38) who reported distress and had an FSFI score less than 26.55 (the clinical cutoff [25] ) at baseline.
In this group, the effect of time on global sexual function was significant (F(3, 58.74) = 2.86, P = .045, see Fig. 5 ), such that sexual function during the experimental exercise arm was significantly higher than at pretrial (M diff = 2.41,σ¯x=.88,P=.008). The effect of time on sexual desire was also significant (F(3, 45.90) = 5.59, P = .002, see Fig. 3 ), such that women's sexual desire during the experimental exercise arm was significantly higher than at pretrial (M diff =.75,σ¯x=.19,P=.0002) and postbaseline (M diff =.61,σ¯x=.19,P=.003). Finally, orgasm function changed significant across time points (F(3, 55.69) = 3.34, P = .026, see Fig. 4 ), such that women's orgasm function was significantly higher postbaseline (M diff =.58,σ¯x=.20,P=.006) and during the experimental exercise arm (M diff = − .64,σ¯x=.28,P=.027) than at pretrial. In all three cases, the contrasts between control and experimental exercise were not significant (M diff = .77, .31, and .19, respectively).
The effects of exercise appeared to be clinically significant in that participant's scores during the experimental exercise arm were within the range of healthy controls and out of the range for women with sexual desire or orgasm dysfunction.
As with the total sample, the effects of time point on sexual satisfaction were not significant, F(3, 58.71) = .80, P = .499.
DISCUSSION
In addition to the positive effects of exercise on psychological and physical health of women taking antidepressants, it appears that there may be benefits for sexual health as well. Exercise improved sexual desire and, for women experiencing clinically relevant sexual dysfunction at baseline, global sexual function. In addition, scheduling regular sexual activity improved orgasm function. The beneficial effects of exercise and sexual activity on women's sexual function observed were above and beyond any improvements in mental and physical health.
These data suggest that as well as being an effective treatment for depression, exercise may also be moderately effective in treating antidepressant-induced sexual dysfunction. Improvements between pretrial and the experimental exercise arm were modest but consistent and clinically relevant. As there were no reported adverse effects of exercise, high patient acceptability, and no additional cost burden of care, even moderate efficacy is promising. Considering the wide prevalence of antidepressant sexual side effects and the dearth of treatment options for those experiencing these distressing effects, this is an important step in treating iatrogenic sexual dysfunction.
There was some evidence to support the hypothesis that exercise immediately before sexual activity had a greater benefit than exercise in general. The specific contrasts between control and experimental exercise arms were not significant for any of the outcome variables measured. However, participants did not have a sufficient response to the control exercise arm to separate from the pretrial or postbaseline scores. In other words, although the experimental exercise arm increased sexual function significantly (and the control exercise arm did not), the differences between these schedules of exercise was not as great as the difference between exercising versus not exercising. Interestingly, simply committing to regular sexual activity improved orgasm function in all participants. It has long been known that a systematic sequence of masturbation-related activities, known as "directed masturbation," can improve orgasm function in women with primary anorgasmia; [35] however, relatively less is known about orgasm problems secondary to medication use. Similarly, although behavioral activation (BA)-a key component of which is scheduling pleasant activity-has been well validated as a primary treatment for depression, [36] the effects of BA on sexual function are unknown. The findings from the present study suggest engaging in sex may be sufficient to reduce antidepressant-related orgasm problems. It may be that committing to regular sexual activity breaks a pattern of avoidance established earlier in the antidepressant regimen, when side effects were more severe. [37] Alternatively, regular sexual activity may have a feed-forward physiologic effect, for example by increasing levels of testosterone. [38] On the whole, these findings support the prescription of exercise for sexual side effects of antidepressants. For women with diagnosable sexual dysfunction, a regimen of 30 min of vigorous exercise 3×/week was sufficient to produce clinically relevant improvements in sexual function, particularly sexual desire. For maximal benefit, exercise should be scheduled to occur immediately prior to sexual activity. However, some benefit may be seen with exercise in general.
The greatest limitation to this study was a high dropout. The dropout rate (approximately 46%) was not out of context for exercise intervention trials, [39] [40] [41] particularly in premenopausal depressed women. [42] As with all clinical trials, there was a trade-off between restricting sample variance and generalizability. We excluded women taking more than one psychoactive medication, which constitutes approximately one third of the general population of women taking antidepressants. [43] Also, most of the women in the current study were Caucasian, non-Hispanic, and college educated: generalizing these results to women of color, or to women with less education, should be done with caution. Future trials will be needed to examine effectiveness in a clinical setting (as opposed to a carefully controlled laboratory-based trial).
CONCLUSIONS
The results of the present study suggest that exercise improves sexual function in women experiencing sexual arousal side effects of antidepressants, with modest evidence of a specific benefit in exercising immediately before sexual activity. These findings have important implications for public health, as exercise as a treatment for sexual side effects is accessible, cheap, and does not add to burden of care.
